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This article,/from the angle of experimentation, investigated the 






actual efficiency of acousto-optical correlation devices in radar 





signal processing. As far as centimeter wave band (3GHz) single 






carrier frequency square pulse radar signals and unmodulated random x 





wave interference is concerned, it measured different pulse widths, 








\ 

: different signal-to-noise ratios and, for these periods of time, the oe 
height of correlation peaks as well as the size of the correlation 2 

gain when there were different pulse widths. When the pulse width was (> 










2.5 Ks, the correlation gain was 30dB. When the pulse width was 0.5 oe 
Ss, the correlation gain was 23dB. As far as the correlation peaks 3 KY 


acousto-optical correlation device outputs are concerned, they were 






all several score mV or higher. It was not necessary to go through 






any amplification. Rather, it was possible to make use of an 






oscillascope to directly carry out obsevations and 
measurements. 
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I. Introduction 






As far as raising the signal-to-noise ratio of radar signals and 
increasing their anti-static capabilities is concerned, all through 






history, this has been one of the basic problems in radar signal 






processing. Speaking from the point of view of theory, correlation 






reception is capable of reaching a theoretical maximun signal-to-noise 





ratio. Moreover, it is easy to realize this. Because of this fact, 





early on, there were already people discussing acousto-optical 





correlation devices and the possibility of using them in the 






processing of radar signals iy Due to the fact that in the first 





half of the 1970's, the capabilities of acousto-optical components saw 






a very large increase, as a result, in the last half of the 1970's, 






acousto-optical devices received widespread interest, with many types 
(2-3) 






of designs being put forward At the present time, spacial 


: integral acousto-optical devices' time band width product can reach 






10414], moreover, aS far as time integration acousto-optical 






correlation devices are concerned, due to the fact that, in theory, 






one could eliminate the limits of component size on time band width 






product limits, time band width products or integrals are capable of 
6 8[2) 
-10 e 





reaching 10 






Besides this, there were also people who 
2 


put forwacd designs for practically implementing acousto-optical 
: 5-7 
- AS 


compared to other correlation devices (or roll integrators) which have 


correlation devices by the use of acoustic surface waves 


been discussed, acousto-optical correlation devices possess much 
larger time band width products or integrals. Moreover, correlation 
efficiency is very high. Output correlation peaks are all several 
score millivolts or more. It is not necessary to carry out any 
amplification. Rather, it is possible to use oscillascopes to carry 
out direct observations and measurements. This article, setting out 
from the angle of practical use, synthesizes the current actual 
situation. As far as the practical results of acousto-optical 
correlation devices used in radar signal processing are concenéd, we 
did experimental research. We did research on four types of 
acousto-optical correlation devices (two types were spacial integral 
types and two types were time integral types). This article 
introduces one type of design which possesses relatively good 
anti-interference capabilities. Below, we will introduce the 
pceinciples of this design, its apparatus, and experimental results. 
As far as centimeter wave band (3Ghz) square pulse radar signals and 
unmodulated randon wave interference is concerned, when the radar 
signal pulse width is 2.5 m™ s, the correlation gain is 30db. When tite 


pulse width is 0.5ys, the correlation gain is 23dB5. 
II. Operating Principles 


According to the definition for correlation functions 


R,,(r) i ie iCe)s(t — r)dr 


it is possible to know that correlation calculations have three basic 
operations: relative delay, phase multiplication, and integral. This 
acticle introduces the pcinciples of spacial integral acousto-~optical 
correlation devices as shown in Fig.l. Due to the fact that the first 
acousto~optical device component AOD), through lenses L, and Lo, 


fo-ms an inverted image at the location of the second acousto-optical 
3 








component AOD, , it follows that the ultrasonic waves set off by 
electrical signals s(t) and So(t) are propagated along the 
opposite direction, completing the relative delay. After the light, 
in continuing, passes through two acousto-optical components, the 
amplitude of the radiated light is determined by the product s,(t) 
so(t-T). The lens L, 
coordinates x and concentrates it all at a point photoelectric 


takes the light from different spacial 


receiving device. Completing the integral for the spacial coorinates, 
it follows that the output electric current from the photoelectric 
receiving device will then be correlation function Ryo(%). It 

should be pointed out that spacial integral equipment (different from 
time integral equipment), in actuality, is a roll integral device. 

In order to complete the correlation, one of the signals among then 
[for example, S(t), should first have its inversion selected. Of 
course, as far as single carrier frequency square pulse radar signals 
are concerned, ths signal itself possesses inverse symmetry 
chacacieristics. It is then not necessary to fFirst go througi 
inversion. The acousto-optical components we used all were Bragg 
diffraction components. During actual operation, one should turn, 

in the direction shown by the arrow in Fig.l, through a brayg angle, 
causing the two device conponents to both operate on +1 Level Brag, 
diffraction. In addition, they both then satisfy the condition Ko = 
Ki+k. In this equation, k. 


i 
vectors for the light cadiated in and the diffracted light. Moreover, 


and Kg respectively are the wave 


k is then the wavs vector for the ultrasonic waves. 
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Fig.l Diagram of Principles for Spacial Integral Acousto-Optical 


Correlation Device 





In order, from a theoretical point of view, to do a detailed 
analysis of acousto-optical correlation devices, particularly in the 
discussion of the equipment in this article, in order to precisely 
specify the position of the light diaphragm on the plane & and the 
position of the point photoelectric receiving device on the plane &’ ; 
as well as their effects, one should precisely specify the complex 
rate of transmission for the acousto-optical components and their 
physical significance. In this way, it is then possible to take the 
theory pertaining to acousto-optical correlation devices and analyze 
it into a Fourier optical theory system. As reference [8] points out, 
when the components operate in +1 Bragg diffraction, the rate of 
complex transmission for the ultrasonic waves propagated from the 


acousto-optical component AOD) along the direction of the +x axis is 


(1) 


i - J. 
i(x,7)= 1 +1— BG — 07) 


Moreover, the rate of complex transinission for the ultrasonic waves 
propagaled from the acousto-optical component or device AOD, along; 


the -x div-saction is 


(2) 


ieee) Lt ih gece + on) 


In these cquations, gy (x-vt) and So(xtvt) respectively are the 
media refraction rate aistributions given rise to by acousto-optical 
effects in AOD, and AOD. "9, (x-vt) and “g,(xtvt) are then, 
respectively, the complex number forms corresponding to the real 
Gistributions g,(x-vt) and Jo(xtvt). Due to the fact that the 
adjustment of Bragg diffraction focusing is a single side bana 
adj'stment, it follows that it is necessary to select for use a 
complex number representation. The relationship between the 
refraction distributions 9g, and 9 and the output signals S,(t) 


and So(t) is very easy. From the boundary conditions 


c5,Ct) = g, (= Zi “— un) 


and 


if 


es(— 1) = &£; (= wt vt) 


one obtains it (in these w is the length of the device along the 


direction of ultrasonic propagation). Along with this, one has 


cnt; = & [= u (4 + =) ; (3) 


65{t) = gf—vG + T/2)]) 


In these equations, T= w/v and is the ultrasonic transit time for the 
devices. From equation (3), it is possible to see that the 
distributions of the cefraction rates g, and go, besides the 
proportionality factor -v and the fixed delay -T/2, are completely che 
same as the input electrical signals. Radar signals are all narrow 


band signals. It is possible to write 


s(t) = a(t}cos[ 2xjue + a(2)], 


In this equation, a(t) and «* (t) respectively are the amplitude ana 


phase adjustments, oc, weitten as complex sSignais 


FC) = GC) EWP 


In this a(t) = alent and is called the complex envelope. 
It follows from this that the complex number representation otf the 


refraction rate distribution is 


Gx) m= G(x) ihe 


In the equations — . = fi/ve that is, the null or empty frequency. 


Do = 


In particular, one has 





B(x — 04) = a(x — vt )eP else 


= a(x = ut et Sor WPM lot 
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Let us assume that the light radiating in is parallel to the 
parallel light axis (the empty or null frequency is zero). Then, ‘h- 
light radiating in is of a complex amplitude which is it eecien 

In this, “a, is a complex constant. f is the light frequency. 
After going through AOD), the complex amplitude of the liyht is 
Poe Reet) = Ge Feet), Taking equation (1), after substituting intc 
equation (4). one then obtains 
ie Bee tj Aaa Cs 


amy lt -- £ 
ir ie 


_ se Set € 


In this equation, the first quantity null or empty frequency is é. 
= 0. The second quantity nuil or empty frequency is e = = as At 
the position on the nuli or empty frequency plane where e = 0, one 


places a diaphragm. Then, it is possible to eliminate the first tern. 


e) 


The equation above becomes 


“ joes jm te Ye 
f s2%cox FIR ts 


-Gec.(a — tye (6) 


Again, after going through AOD,, the complex amplitude of the light 


radiating out is 


i, = W(x, 1), 


Take equation (2) and, after substituting into equation (5). one, 


then, obtains 
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After taking equation (6) and substituting in, it is easy to see that 


the null or empty frequency of the first term is still ©, = & ae 
Mocsover, the null or empty frequency of the second term is : = 0. 


Because of this, if one takes the point photoelectric receiving aevice 
and places it at the location where oe 0 on the second null or empty 
frequency plane, it will only receive the second term. Paying 
attention to lens L, completing the spacial integral for the 
coordinate x, the photoelectric receiving device is a square pattern 
wave detector, that is, it obtains the photoelectric receiving 


device's output electric current which is 


‘ Ditede ere ye 
ig(t)oc Ls Ge RRIF 2g 
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x ( a(x — vt)ak (x + vt)dzs 


= tan = ty(— 2er) 
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Fig. 2 Light Path and Circuit System for Experiments Using Spacial 
Integral Acousto-Optical Correlation Devices (1) Interference 
Mechanism (2) Attenuato: (3) Radar Signal Generator (4) Isolator 
(5) Voltage Amplifier 2 (6) Power Amplifier 2 (7) Voltage Amplitier 
1 (8) Power Amplifier 1 (9) Oscillascope (10) Laser (11) Roa 
Surface (12) Rod or Column Surface Lens (13) Diaphragm (14) Roa 
Surface Lens (15) kod Surface Lens 


In the equation 
Pe +oo > 
tale) = ["" AGI — Hee, 


This is called the complex envelope correlation function. It is 
possible to demonstrate that it is a correlation function with the 


real signal 


Rit) = ie s@s(¢ — v)dt 


The relationship between them is 


Rut) = > Rel Fae )eP"") 


= = rye )cos{ lft 


+ argl7a(r) 1} 


Comparing eguation (7) and equation (3), it is possible to know that, 
due to the proportionality factors being, respectively, -2v and -v, it 
follows that the observed width of the correlation peak is(t) and 

the pulse width of the signal s(t) are the same ana it is not twice 


the pulse width of s(t). 
III. Experimental Results 


The light path system and circuit system used in the Spacial 
integral acousto-optical correlation device employea in the 
experimen.s are as shown in Fig.2. The central frequency for the two 
acousto-optical devices was 110 MHz. The band width was B 2, 60 MHz. 
The ultrasonic wave transit time was T 2 4s. The rod or cylindrical 
lenses Ci-Cy were uSed in order to take the laser bundle, after 
expanding and collimating it, and change it from a circular cross 


section to a long strip-shaped cross section in order to be 


9 


appropriate for application to the ultrasonic bundles with long, 
nacrow shapes in the acousto-optical devices. Light barrier or 
diaphragm S stops the zero level light passing through AOD). It 
only lets the diffracted light of the null or empty frequency € =E, 
jo through. As far as the point photoelectric receiving device 
formed by the PIN photoelectric diode being placed at the location 
where §’= 0 is concerned, it will only receive correlation quantities. 
The radar signals used were produced by the HL~11 model radar 
measuring instrument. The carrier frequency was adjustable. In line 
with this, we chose to set it at very slightly over a 3GHz position. 
The pulse was capable of varying from O.5¢s continuously to 2.5us. 
The repetition freguency was also adjustable. However, when makings 
tests, it was fixed at 3kKHz. The amplitude of the output radar pulses 
could be continuously attenuated 50dB. The amount of attentuation was 
capable, on the instrumentation, of being read out continuously. The 
base oscillation was a continuous wave with a frequency equal to 3GHz. 
It was produced by an XFL-8 model centimeter wave signal generator. 
After going through frequency mixing in a 10 centimeter 
collector-mixer device, we obtained the center frequency signal of 110 
MHz as the cacrier Frequency. After going through two voltage and 
power amplifier circuits, it was added to the two acousto~optical 
devices. In the experiments, the voltage amplitudes for the two radar 
pulse circuits were novmilly maintained at lv. In the pcocess of the 
test:., we 1lso made use of two sets of HL-1l11 model radar measuring 
instruments to respectively produce tne two radar circuit signals. 
However, the experimental results obtained were completely similar to 
the results when only one set was used. What the interference device 
produced was 3GHz wave band unmodulated random wave interference. lit 
was easy to calculate. In Fig.2, the mixed frequency portion is not 
yet drawn out. In this way, with the addition of the electrical 
signal $,(t) onto AOD), it only contains the radar signal. It 
forms the reference signal. moreover, with the addition of electrical 
signal S5(t) onto AOL.,4 one, then, simultaneously, includes radar 
signals and random interference. It simulates actual band 


interference in returning radar wave signals received by radar 


antennas. 








Figure 3. Figure 4. 


Fig. 3 Radar Signals and Output Correlation Peaks When the Pulse 
width was 2m@s. Horizontal Coordinates: 24S/div (a) Radar Signal 
(iv/div); (b) Correlation Peak (200mv/div) When S/N = OdB; (c) 
Correlation Peak (50mv/div) When S/N = -8dB 


Fig. 4 Radar Signals and Output Correlation Peaks When the Pulse 
Width Was 1s. Horizontal Coordinates: 2s/div (a) Radar Signal 
(lv/div); (b) Correlation Peak (200mv/div) When S/N = Odb; (c) 
Correlation Peak (50mv/div) When S/N =-8dB 
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Table 1 Experimental Data (2) Pulse (3) Correlation Peak Heignt 


(4) Correlation Gain 


As far as the principal contents of the experiments are 
concerned, they are that, through adjustments, it was possible to 
change th: attenuation device in order to alter the signal-to-noise 
ratio S/N. £os So(t). We cespectively measured the times when the 
S/N =«< dB (that is, the interference mechanism is turned off), 6dB, 
OdB, ~64d3, and -8dB, for the heights of the output correlation peaks. 
This experimental data is presented in Table 1. It should be pointed 
out that, when the S/N = OdB, if one takes So(t) and inputs it 
directly into an oscillascope for observation, in the background 
noise, it is still possible to make out the position of the radac 
pulse. Also, since this is the case, speaking from the angie of 
practical use, the signal at this time has still not been completely 
submerged by the noise. Going through a number of iterations of 
repeated measurements, one discovers that it does not matter how large 
the pulse width is. In all cases, when the S/N = -8dB, on the oscil- 
lascope, one directly observes So(t), and the radar pulse has just 
been completely submerged in the background noise and cannot be 
cedistinguished. On this basis, one again carries out another 
increase in the interference. One continues this straight on until 
the correlation peak completely disappears and then stops. From the 
readout of the variable attenuation device, at this time, one gets the 
dB number for the increase in interference. It is then possible to 


Obtain the data in the last line of Table 1 “Correlation Gain". Une 
12 


then repeats the measurements discussed above for different pulse 
widths. The results are all set out in Table 1. Fig.3 and Fig.4 are 
the correlation peak photographs for outputs when So(t)'s S/N = OGB 
and -8dB as well as for radar signals when pulse widths are 
respectively equal to 2y.s and 1 Us. 

From Table 1 and Fig.'s 3 and 4, it is possible to obtain the 
conclusions set out below: 1. Using this apparatus, it is possible to 
complete correlation reception. In conjunction with this, ina real 
time manner, one obtains entire correlation peaks. The correlation 
peak widths and the radar signal pulse widths were the same. This 
matches up with the theoretical analysis. 2. With the various types 
of S/N values, corccelation peak heights all form a direct proportion 
with the pulse widths. Correlation gains also increase with increases 
in pulse width. It follows froin this that correlation reception is 
quite appropriate for the relatively wide pulse widths of early 
warning radars. 3. Even if one is dealing with the simplest single- 
catrier-frequency, square-shaped pulse radar signals, acousto~optical 
correlation devices are still capable of obtaining relatively large 


correlation gains, which has practical value. 
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